Background: Magnifying Narrow Band Imaging (NBI) during colonoscopy is a reliable method for differential and depth diagnoses of colorectal lesions. This study examined the diagnostic yield of magnifying NBI based on the Japan NBI Expert Team (JNET) classification in a clinical setting using a large-scale clinical practice database. Types 1, 2A, 2B and 3 correspond to the histopathological classifications of hyperplastic polyp/sessile-serrated polyp, low-grade intramucosal neoplasia, high-grade intramucosal neoplasia/shallow submucosal invasive cancer, and deep submucosal invasive cancer, respectively. Methods: The prospective records of colonoscopy reports and pathological data of 1558 consecutive superficial colorectal lesions removed by colonoscopy were retrospectively analysed. After excluding 156 lesions, the documented JNET classifications of the remaining 1402 colorectal lesions were analysed. Diagnostic yield was analysed and also compared between expert endoscopists and nonexpert endoscopists. Results: The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy were respectively 75%, 96%, 74%, 96% and 93% for type 1; 91%, 70%, 92%, 67% and 87% for type 2A; 42%, 95%, 26%, 98% and 93% for type 2B; and 35%, 100%, 93%, 98% and 98% for type 3. Nonexpert and expert endoscopists alike had specificity, NPV and accuracy >90% for types 1, 2B and 3, and a sensitivity and PPV >90% for type 2A. Type 2B had a low sensitivity of 42% because it included various histological features. Conclusions: The JNET classification proved useful in a clinical setting both for expert and nonexpert endoscopists, as was expected from the original JNET definition, but type 2B requires further investigation using pit pattern diagnosis. . This study demonstrates the high diagnostic performance of the JNET classification in a clinical setting. Accuracy of >87% is achieved in differentiating neoplastic and non-neoplastic lesions, and in diagnosing low-grade intramucosal neoplasia, high-grade intramucosal neoplasia/shallow submucosal invasive cancer, and deep submucosal invasive cancer. . The JNET classification proved useful in a clinical setting both for expert and non-expert endoscopists.
Introduction
Most colorectal cancers arise from preexisting adenomatous polyps following the adenoma-carcinoma sequence. 1, 2 There is evidence that the removal of colorectal adenomas may reduce the risk of future colorectal cancer. 3 If the diagnosis of neoplastic polyps removed at colonoscopy is inaccurate, it can lead to additional unnecessary polypectomies in clinical practice, giving rise to potential negative consequences for patients and higher medical costs.
Narrow Band Imaging (NBI, Olympus, Inc, Tokyo, Japan) was developed in 1999 and is an innovative optical technology providing unique images that emphasise the surface and vessel patterns of the lesion. Magnifying NBI, in particular, is a reliable method for differentiating neoplastic from non-neoplastic lesions. 4 Several magnifying NBI classifications for optical diagnoses of neoplastic and non-neoplastic lesions have been developed. [5] [6] [7] [8] [9] [10] Recently, a unified magnifying NBI classification called the Japan NBI Expert Team (JNET) classification was developed. 11 The aim of this study was to clarify the diagnostic accuracy of the JNET classification using large-scale clinical practice data.
Methods

Patients and images
This retrospective, single-centre observational study involved 1558 consecutive pathologically diagnosed superficial colorectal lesions removed by endoscopy at the National Cancer Center Hospital, Tokyo, Japan, between April and December 2015 ( Figure 1 ). In our institution, clinically diagnosed adenomas, sessile-serrated adenoma/polyps, traditional serrated adenomas, high-grade dysplasia, and shallow submucosal (SM) invasive cancer are endoscopically resected. We do not resect hyperplastic polyps <10 mm located in the rectum and sigmoid colon. JNET classifications based on endoscopy reports were prospectively collected and stored in a database. Of the 1558 lesions, 156 lesions were excluded because of JNET findings not being recorded, recurrent lesions, patients with a history of 
Endoscopic diagnosis using JNET classification
The JNET classification was used as originally reported. 11 Briefly, the JNET classification consists of four categories, types 1, 2A, 2B and 3, based on vessel and surface pattern findings. Vessel patterns of types 1, 2A, 2B and 3 are defined as invisible, regular calibre/regular distribution (meshed/spiral pattern), variable calibre/irregular distribution, and loose vessel areas/interruption of thick vessels, respectively. Surface patterns of types 1, 2A, 2B and 3 are defined as regular dark or white spots/similar to surrounding normal mucosa, regular (tubular/branched/ papillary), irregular or obscure, and amorphous areas, respectively ( Figure 2) . JNET types 1, 2A, 2B and 3 correspond to the histopathological classifications of hyperplastic polyp/SSP, low-grade intramucosal neoplasia (LGN), high-grade intramucosal neoplasia (HGN)/shallow SM invasive cancer, and deep SM invasive cancer, respectively. It is important to note that JNET type 2B mainly corresponds to HGN/shallow SM invasive cancer but sometimes includes deep SM invasive cancer. Therefore, pit pattern diagnosis using crystal-violet is still the gold standard for JNET type 2B lesions. 12 We investigated pit pattern diagnosis for lesions misclassified by the JNET classification.
Histopathological evaluation
Resected specimens were fixed in formalin and serially sectioned at 2-3 mm intervals. Histological classification was performed using the Japanese Classification of Colorectal Carcinoma. 13 Depth of tumour invasion was classified as adenoma, intramucosal cancer (Tis (M)), SM superficial invasive cancer (T1a (SM1), <1000 mm of SM tumour invasion) or SM deep invasive cancer (T1b (SM2), 1000 mm). The depth of SM tumour invasion was measured from the lower border of the muscularis mucosae to the deepest area of tumour invasion. When it was not possible to identify the depth of invasion in this way, depth was measured from the surface of the tumour using the Japanese Society for Cancer of the Colon and Rectum guidelines. 14 HGN in Europe and Tis/early cancer in Japan are mostly the same lesions. Tis/early cancer in the Japanese classification is for the most part equivalent to Category 4 of the Vienna classification.
Statistical analysis
We analysed the diagnostic yield (sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy) of the JNET classification for each type (types 1, 2A, 2B and 3). The diagnostic yield was compared between expert and nonexpert endoscopists. An expert endoscopist was defined as having performed 5000 colonoscopies, and a nonexpert endoscopist was defined as having performed <5000 colonoscopies. We further analysed the diagnostic yield stratified by lesion size.
The Fisher exact test was used to compare outcomes between expert and nonexpert endoscopists. Statistical analysis was performed using R version 3.5.0 (R Core Team (2018). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria, http://www.R-project. org/). P values of less than 0.05 were considered statistically significant. All statistical tests were two sided, and the alpha level was set at 0.05.
Results
Clinicopathological features of colorectal lesions
Clinicopathological data are summarised in Table 1 . The median lesion size was 6 mm (interquartile range, 4-10). A total of 807 (58%) lesions were in the proximal colon, 455 (32%) lesions were in the distal colon and 140 (10%) lesions were in the rectum. Pathologically, we identified 185 (13%) non-neoplastic lesions (hyperplastic polyp, sessile-serrated adenoma/ polyp) and 1217 (87%) neoplastic lesions (traditional serrated adenoma, tubular adenoma, tubulovillous adenoma and cancer).
Diagnostic yield of JNET classification
The PPV of each type of JNET classification based on the pathological diagnosis presented in Table 2 was 74% (139/187), 92% (1026/1110), 26% (23/90) and 93% (14/15), for types 1, 2A, 2B and 3, respectively. Table 3 shows the details of the diagnostic yield of the JNET classification and a comparison between expert and nonexpert endoscopists. For JNET type 1, the sensitivity, specificity, PPV, NPV and accuracy of differentiating neoplastic from non-neoplastic lesions were Table 4 shows the diagnostic yield of JNET type 1 stratified by lesion size (1-5 mm, 6-9 mm, 10 mm). The sensitivity and PPV were 57% (43/75) and 62% (43/69) for 1 to 5 mm lesions and 94% (65/69), 89% (65/73) for 10 mm lesions, respectively. Furthermore, there was a significant difference in specificity for <10 mm lesions between expert and nonexpert endoscopists. Table 5 shows lesions that were misclassified by the JNET classification. In total, 48 neoplastic lesions were evaluated as JNET type 1; polyps were small, at 5 mm (range, 3-6 mm), and approximately half the lesions were in the right colon and were macroscopically type 0-IIa (Figure 3) . However, approximately half were (11/19) were correctly diagnosed using pit pattern diagnosis ( Figure 4 ).
Discussion
This cross-sectional study clearly demonstrates the usefulness of the JNET classification based on large-scale clinical practice data from a clinical setting. The specificity, NPV and accuracy for differentiating neoplastic and non-neoplastic lesions all exceeded 90%. Furthermore, the diagnostic yield was high among expert and nonexpert endoscopists alike. Additionally, both nonexpert and expert endoscopists had specificity, NPV and accuracy >90% for JNET type 2B and 3. Therefore, the JNET classification appears to be a reliable tool for selective diagnosis of Tis (HGN) or T1a. The JNET classification also appears to be clinically useful for differential diagnosis by all endoscopists. NBI magnification is an effective tool for differentiating neoplastic from non-neoplastic lesions. 6, 15 Previously, a meta-analysis of 11 studies on NBI magnification reported that the pooled sensitivity (95% confidence interval (CI)) and specificity (95% CI) for differentiating neoplastic and non-neoplastic lesions was 92% (90%-94%) and 81% (78%-84%), respectively. 16 However, many previous reports were from expert endoscopists. Therefore, in the present study, we included a comparison analysis between eight expert and 11 nonexpert endoscopists. There was no difference between the groups. Therefore, nonexpert endoscopists can use the JNET classification as well as expert endoscopists.
Rastogi et al. reported a prospective study that used NBI without magnification for the characterisation of polyp histology. The sensitivity, specificity and accuracy of NBI for predicting adenomas for polyps 5 mm were 95%, 88% and 92%, respectively. 10 McGill and colleagues reported a meta-analysis of 28 studies that used NBI to differentiate neoplastic from non-neoplastic colorectal polyps in real time. 17 The overall sensitivity and specificity for polyps 5 mm were 86% and 84%, respectively. In the present study, the specificity of JNET type 1 (the rate at which the lesion is diagnosed correctly when diagnosed as not non-neoplastic) was 96%. Furthermore, for polyps 5 mm, the specificity remained 96%. These results are consistent with previous studies, and therefore, the JNET classification seems to have high diagnostic performance in differential diagnosis, even for diminutive polyps. However, the sensitivity of JNET type 1 for diminutive polyps was low, at 57%. The present study has sampling bias because we did not resect all hyperplastic polyps during colonoscopy.
JNET type 2A had a high diagnostic sensitivity for LGN, but protruding lesions (Ip, Is, LST-G) with a histological classification of HGN to T1a were often misclassified as JNET type 2A. In a prospective study of pit pattern diagnosis, Matsuda et al. reported the superiority of the clinical pit pattern classification for properly identifying the depth of invasion of flat and depressed lesions over polypoid lesions (97.5% vs 75.8%). 18 Another study also reported difficulty with depth diagnosis in polypoid lesions compared with nonpolypoid lesions. 19 Therefore, it is possible that the protruding lesion is covered by the adenoma component and that this cover results in endoscopic diagnosis of benign disease rather than its actual malignancy.
JNET type 2B had a low sensitivity of 42% because it included various histological features. This result is consistent with the finding by Sano and colleagues of various histological features ranging from adenoma to deep SM cancer.
11 Therefore, the endoscopist needs to perform an additional pit pattern diagnosis using magnifying chromoendoscopy when diagnosing a lesion as JNET type 2B. This finding is expected based on the original definition from JNET, in which pit pattern diagnosis is the gold standard for differentiating between T1a and T1b. Therefore, JNET type 2B lesions could include T1b and T1a, and thus require pit pattern diagnosis using crystal-violet for a final treatment decision.
Because the specificity of JNET type 3 was 100%, JNET type 3 is a very specific finding in SM deep invasive cancer. Thus, it may be possible to omit pit pattern diagnosis when there is a high index of suspicion of JNET type 3 lesion. Hayashi et al. reported the endoscopic prediction of deep SM invasive carcinoma by expert endoscopists using the NBI international colorectal endoscopic classification. 20 The specificity was 81.5%, even with high confidence. Thus, the strength of the JNET classification is the use of magnifying colonoscopy, which can observe details of the lesion surface.
Based on these large-scale data from 1402 lesions in a clinical setting, JNET type 3 was found to have a high specificity, PPV, NPV and accuracy of deep SM invasive cancer of 100%, 93%, 98% and 98%, respectively. Lesions diagnosed as JNET type 2A had a high sensitivity, PPV and accuracy for LGN (91%, 92% and 87%, respectively). Although Puig and colleagues 21 reported that NBI International Colorectal Endoscopic (NICE) type 3 had a high specificity and NPV (96% and 98%, respectively), NICE classification type 2 includes various lesions from LGN to T1a. We thus considered the JNET classification to be useful because the indication for endoscopic treatment can be determined.
This study has some limitations. First, this was a retrospective study performed in a single high-volume centre. However, many participating endoscopists were involved. Second, there was some selection bias. Data were obtained from a clinical examination, and hyperplastic polyps in the sigmoid colon and rectum were mostly not removed even though they were easy to diagnose. We diagnosed the endoscopic resected lesions as type 1 based on sessile-serrated adenoma/polyp, 22 a hyperplastic polyp in the proximal colon, the patient's expectations, and further pit pattern diagnosis showing types II, III and IV. In accordance with the definition of the JNET classification, lesions with granulation tissue and an inflammatory polyp were excluded from this study. Indeed, the sensitivity of type 1 for non-neoplastic vs neoplastic lesions is a reference value. This study focused on lesions removed using endoscopy, and endoscopically unresectable lesions were not included. Third, this study included diminutive polyps (1-5 mm, 47%), which had a lower sensitivity than lesions 6 mm. These reasons were considered to account for the low sensitivity of JNET type 1 in this study. Fourth, in total, 11 nonexpert endoscopists including only two boardcertified Fellows of the Japan Gastroenterological Endoscopy Society had studied the JNET classification in daily clinical conferences and meetings. They were involved in the development of the JNET classification system, attended meetings about the JNET classification, often received expert advice, and routinely used the JNET classification in practice. The learning curve might have influenced the results. 23 Thus, caution should be exercised in generalising the outcomes of this study, and it is important to attend study meetings and conferences. Fifth, the study did not include a review of images, and there were no data on the confidence level of the endoscopic diagnosis. Therefore, we are now planning a validation study of the JNET classification system with endoscopists across all of Japan. Sixth, in this study, the endoscopic images were obtained from LUCERA, whereas EXERA is mainly used in most European countries. However, a previous report showed that analysis of endoscopic imaging from LUCERA and EXERA endoscopes provides the same clinical benefit. 24 Sumimoto et al. 25, 26 and Iwatate and colleagues 27 reported the diagnostic performance of the JNET classification for differentiation among noninvasive, superficially invasive and deeply invasive colorectal neoplasia. However, there are still few reports on the JNET classification, which is a newly established classification, so its validation is important.
Conclusion
This study clearly demonstrates the utility of the JNET classification both for expert and nonexpert endoscopists for differential and depth diagnoses. If a lesion is classified as JNET type 2B, pit pattern diagnosis should be used as an adjunct for depth diagnosis.
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